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Linjar biockpolymer 
TEKNISKT OMRADE 

5 Uppfinningen avser en linjar biockpolymer, odi diika berednlngsfbrmer 
framstallda av den linjara blockpolymeren sairrt ett impiantat Irmefattande 
den lirySra blockpolymeren. 

TEKNIKENS STANDPUNKT 

10 

VId vlssa skador pd mjukdelar I kroppen f5mi6r kroppen ej att iSka Ihop 
dessa skador. Ett exempel pi sadan skador dr menlskskador. vHka har varit 
vanllgt hos vlssa IdrottsutSvare. Vid sSdana skador brukade den skadade 
delen avISgsnas. med sdmre kroppsfunktton som fSljd och for en elitldrottare 
15 innebar d^ ofta slutet pd karridren. En forteatt stor b^astn'mg pS ett kni 
saknande menisk leder till skelettnedslltnlng pS mfitande ytor. med standiga 
smaitor som sannolikfdijd. 

En annan vSvnad som Sr fSrknlppad med Idrottsskador ir knSets korsband. 
20 Dessa ligament stabiliserar knfiL Vid skador pli korsbanden Sr fortsatt 
kirotlsutfivning inom vissa sporter farenat med hOgre ilsker for skador pS 
skeiettdelar. 

Redan pd 1960-talet bfirjade fSrsOk gfiras med att ersdtta skadade ligament 
I *" 25 med konstgjorda. Impiantat. De material som anvSndes for de konstgjorda 
: llgamenten var till exempel potytetrafluoreten, pdyetentereftalat, polypropen. 

' polyeten och kolfibrer. 

• Tyvarr uppvisade dessa tidiga impiantat en del rad nackdelar. Det uppstod 

*"*• 30 bland annat irreversibel fOriangning och brott pa implantaten. Den elastlska 

modulen fcr de ovan angivna materialen ar fOr hOg for att materialen skulle 
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kunna fungera bra i implantat som ar en eraattning «r till exempel knaets 
korsband. 

VIdare var det 6nskv§rt att materlalet I implantat var WokompatiWa och 
5 nedbrytbara i dan bemarkelsen att det befrSmJade tlltvaxlen hos den skadade 
vSvnaden cwh samtidigl sjalv brots ner si att den skadade vSvnaden 
dterbildades och tog aver lunkUonen alK eRersom impiantatet brtJts ned. 
Ovanstamde material uppvisade ej dessa eg«nskaper. 

10 I SE. 505 703. C2 beskiivs ett material som ar Wokompatibelt och 
nedbryttjart f&r anvandnfng i Implantat. Det mat»tal som b^krivs ar en Hnjar 
blockpolymer innefattande urea- och urelangrupper vllken polymer uppvisar 
en molekylvikt som ar minst 10^ Datton. 

15 Under det att implantat innefattande detta material har fungerat 
tillfredsstaiiande, ar det dock mdrnga biologiska och mekaniska parametrar 
som skaii upp^ias av ett materia som anvfinds i ett bionedbrytbart 
Implantat 

20 H6g Initial 8tyri<a hos impiantatet eribrdras f8r att f5rhlndra brett pd det innan 
den egna vavnaden Ster^kapats och tegit dver ftinktionen. En gradvis 
nedbrytning hos materialet ar nOdvandig fdr att inducera dterblldning av den 
egna vavnaden. Nedbrytningshaatighetim bdr balansms fdr att ^ optimal 
Steriaikining av den egna vavnaden. De mekaniska egenskapema skall vara 

25 motevarande de fdr den naturllga vavnaden, sS normal funktion ton uppnds 
under iniakning. 



30 



Det fmns sSledes fortterande ett behov att optimera de mekaniska 
egenskapema och nedbiytningshastigheten hos ett material avsett att 
Innefattas i ett implantat 
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REDOGOReLSE FOR UPPFINNINGEN 

OvanstSende problem I3ses genom uppfinningen genom aft framstailandet 
5 av en llnjir blockpolymer vilken beskrivsenligtformeln: 



varvid 

R1 ar hSrledd frSn en diamin, tex, etylendiamin, 1.2-diaminopropan eller 
15 1 ,3-diaminopropan; 

R2 ar harledd frSn 4,4'difenylinetand}lsocyanat, 4. 

4'cyklohexylmetandHsocyanat, hexameiylendilsocyanat, etyl-2,6- 

diiso^anathexanoat, isofomdiisocyanat, eller 1,4 diiso^anatobutan : 

R3 3r hSrledd fr&n en esterdiol; 
20 R4 ar hSrIedd tr&n dibutylamin eller etanolamin; 

dar0<y<4och z>8, 

varvid de monomerer som R1 och R2 dr htrledda firdn tiil^tls I s&dana 
25 mangder att molfdrhailandet mellan R1 och R2 fir stOrre an 2:1 . Det vill saga 
mdngden mol tillsatt monomer som R1 harleds Vr&n ar mer §n tva gdnger s3 
stort som mingden mol tillsatt monomer som R2 harieds Ifidn. Sdsom 
beskrivs nedan i exemplen tilisatts sMes mer an dubbett s& mycket 
isoc^anat som esterdiol till poiymerisauonskarlet 

30 
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Genom uppfinningen l&s en polymer som ar mer optlmerad vad betraffar de 
mekaniska egenskaper och nedbrytningsegenskaper hos polymeren. Det 
material som kan framstailas av polymeren kan gfiras styvare. Det fSr ocksd 
en isgre nedbrytnlngshastighet. Det vlH stga de atyrkan hos malerialet avlar 
6 langsammare Sn far konventlonella resultat. Hur fbrt nedbrytnlngen gSr beror 
pa vilka monomerer som anvinds som utgangsmat^al. 

Enligt en utforingsform av uppflnnlngen Sr R1 hflrtedd frSn nSgon av fdljande: 
etyl»»dlamin, 1 ,3- dlaminopropan, 1,2- diaminopropan, 1.4- 

10 diaminobirtan. 1 .5- diamlnopentedi. eller 1 ,6 -djamlnoheKan. 

Enligt en utfOringsfomi av uppflnnlngen Sr R3 hdrledd frSn n^igon av ffiljande 
dfoler. polykaprolaktondlol. polydielylengiykoladlpai. eller 
pply(pentandIoipimelat). 



15 



Enligt uppflnningen kan den linjara blodqralymeren pinnae till en fiber. 
Dessa flbrer kan splnnas till exempel genom en vStspinnlngsprocess 
beskriven i "Gisselfait. K; Ftodln. P. Macromol. Symp. 1998. 130. 103-11". 



20 Fdretr3de5>n5 uppvisar fltnema ftamstallcfo av den fin^ blockpolymer enligt 
ovan en spedfik styrka pd dtminstone 0.1 NAex. gdma dverstlgande 0.2 
N/tex. G«iom att flbrema dessutom i^spvlsar hfig styvhet. kan ett Implantat 
firamstallt av fibrema erhSUa en styvhet som gdr att implantatet fungerar vdl 
som ersattning for den egna vflvnaden. For att vlssa implantat skatl fungera 

25 val I kroppen bfir Inte brottfijningen vara alttfOr hOg. vilket otla ar fellet mad 
andra polyuretanfibrer av Spandextyp, tex. Lycra. En fiber framstaild av den 
linjara blockpolymeren enligt uppfinningen uppvisar Wretradesvls en 
tMVttOJnlng som understiger 100 %. 

30 Den linjara blockpolymeren kan anvandas I olika beredningsformer, 
beroende pa vilken anvSndning som isyfias. Exempel pi tieredningsformer 
ar fiberfonm, skumform och fitmfbrm. 
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Ytterllgare exempel pa beredningsformer ar porSSd filmor ©Her porSsa 
potymermaterial. 

5 Uppfinningen avser vidare ett Implantat fBr Implantation i marmlskor eller tflur 
vilket implantat innefattar en llnjar blockpolymer enllgt uppfinningen. 



UTFORINOSEXEMPEL 

10 

Exempel 1 : 200 g (0.8 mol) 4.4'-cfifenylm«landrisocyanal (MDI) vSgdes in \ en 
nanskoiv. KvSvgas lades p& och MDI:n smSltes langsamt vid 50"C. 2Q2 g 
{0,38 mol). Polykaprolaktondiol (PCL) vagdes In I en dropptratt och tillsattes 
droppvis till den smSlta MDkn under ISngsam omroming. T= 50WC. 

15 24.6 g av den erhdllna prepolymeren Ifistes upp under kvfivgas I ca 127,6 ml 
dimetylfbrmamid (DMF). 1,84 g (24,8 mmol) 1.3- diamlnopropan och 0.13 g. 
(1,0 mmol) diaminobutan vSgdes upp i en bdgare och ffilsattes tillsammans 
med 38.3 ml DMF till den uppifista pr^olymeren under krafUg omrfiming. En 
kiar viskss lOsning erhaOs inom nSgra sekunder. Mp^iF 102000 g/mol relatlvt 

20 PEO I DMF40.5% UCI. 

Exempel 2: En prepolymer tillverkades enllgt exempel 1 men med 
fdr&idringen att 1075,9 g (2.03 mol) PCL blandades med 103S,2g (4,14 mol) 
MDI. 20,34 g av den erhdllna prepolymeren Idstes upp under kvSvgas i 84.3 
25 ml dimetyRbrmamid (DMF). I kedJetdrlSngningssteget anvSndes 19.8 mmol 
1,3- diamlnopropan. 0,51 mmol diaminobutan och 21,1 ml DMF. En Mar 
viskds Idsning erhdils inom nagra sekunder. Mpeaii»106000 g/mol relativt PEO 
I DMF+0.5% UCI. 

30 Exempel 3: 23.94 g prepolymer fran exempel 2 lestes upp i 101 ,7 ml DMF. I 
kedjeffiriangningssteget anvandes 23.8 mmol 1,5- diaminopentan. 0,9 mmol 
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diamlnobutan och 25,5 m\ DMF. En War viskfis I6snlng «h6Bs inom nSgra 
sekunder. Mp««=1 06000 g/mol relativt PEO i DMF+0.5% Ud. 

Exempel 4: En prepolymer tillverkades enfigl exempel 1 men med 
fSrandrlngen att 1048.7 g (1.98 mol) PCL blandades med (1041.2 g) 4.06 
mol MDI. 18.96 g av den erhlillna prepolymeren tfistas upp under kvavgas i 
ca 68.2 ml dimetylformamid (DMF). I kedjefsriangningsstegel anvindes 17.7 
mmol 1.2- diaminopropan. 3.1 mmol diaminobutan och 29 ml. En War viskos 
lasning erhoHs Inom nSgra sekunder. Mpea»?25000 g/tnol relaBvt PEO I 
DMF'i'0.5% LiO. 



Exempel 5: 27.18 g av den erhSllna prepolymeren i exempel 1 lestes upp 
under kvavgas I 104 ml dlmetytfonT«mid (DMF) och l.23g MDI tillsattes. I 
KedjefiOrlangningesteget anvandes 31.9 mmol 1,3- (Samlnopropan. 1.3 mmol 
15 diaminobutan och 44.6 ml DMF. En War viskOs lOsnlng erhfills inom nSgra 
sekunder. MpMip86000 g/rriol relativt PEO i DMF-K}.5% LiCI. 



MOLEKYLViKTSMATNING 

20 

MolekylvlWen p& de genom exemplen framstailda polymerema mattes 
genom Size Exclusion Chromatography (SEC) med hjaip av en Waters 2690 
Separations Module Wrsedd med Waters 996 Phctodlode Aoay Detector och 
en W^tera 2410 Refractive index Detector. TV& Styragelkdonner, KT6E och 
» \ " 25 HT3, kdides i serie med en fiddeshasfighet pd 1 mWminut 1 dimetylformamid 
\ (DMF) Innefatlande 0.005 g LiCl/1. Relentlonstiden omvandlades till 

*- V medelmolmassa ( MpMio). med anvSndande av polyetylenoxid som standard. 

r • * * 

! Andra mdjiiga berednlngsformer fdr den ilnjSra blockpolymeren fir 

30 exempelvlsporosafllmerellerporSsapolymemiaterlal. 
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Porosa flimer redogdre «r i. tex svenskt patent SE. C2. 514064. vTlket hSr 
refereras till i sin helhet Vidare beskrivs porOsa polymermaterial exempelvis I 
svensk patentansfikan SE, A. 0004856-1 . vllken hflr refereras till I sin helhed. 
SE, A. 0004856-1 beskriver bland annat fflrfarande fSr ftamstailning av ett 
dppet por6st polymermaterial. 



FIBERSPINNING 

I korthet tlllgar fiberspinningsprocessen 8& att polymertasnlngen exiruderas 
10 genom en spinneret och ut i ett koaguieringsbad innehallande vamrt vatten. I 
ett andra vattenbad siracks fibem. Rbem rullas upp p4 en spole som sedan 
firtorka. 



MEKANiSKA EGENSKAPER HOS FIBERN 
15 Denna spunna fibem testedes med avseende pd mekaniska egenstoper. 
Dessa resuitat visas i tabellen nedan. 



Exeiiq)el 1 
Exempts 



DMF 
DMF 

DMF+IiCl 



0,25 ±0.015 
0.28 ±0.01 
0.16 ±0.015 



50±3 
62±4 
56±3 



Bratttoiiuiig 
(%> 



29±4 
40±3 
28±10 



20 
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En kontrollerad nedbrytning av polymeren i en takt som mojllggar reparation 
och/eller invaxt av kroppsegen vdvnad ar vlWlgL Nedbrytningsferhaiandena 
f©r den Hnjara blockpolymeren enlfgt uppfinningen sluderades enligt fSljande. 
Polymeren tillats brytas ned I ett start Overskott av buffrad fosfaHOsnlng med 
ett pH p& 7.4. Temperaturen hdlls vW 77 -C. Under tiden studerades bl.a. de 
mekaniska egenskapema hos polymeren. 



1.1 

1.0 
0.9 
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Dagar i fosfatbuffert 
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YTTERLIGARE ASKADLIGGORANDE AV UPPFINNINGENS UTFORANDE 



In the present study we describe the synthesis, wet spinning, mechanical testing and 
degradation of poty(uiethane i]rea)s (PUUR) intended for clinical use in anterior 
cruciate Hgament (AjCX) reconstruction. The cflBscts of soft segment chemical 
1 5 composition and molar mass, and the kind of diamine diain extender on the mat^al 
properties were investigated. It was found that the fibres made of PUUR with 
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polycaprolactoEe diol (PCL530) as soft segment and MDI/U-DAP as haid segment, 
(PCLS30-3X have iugh tensile strength and high modulus, and when degraded keep 
their tensile stiengthfbr the time demanded fer the appUcation. In condttsion. 6om a 
chemical and mechanical point of view PUUR fibres of PCL530.3. AMELONTm. 
5 are smtable for designing a degradable ACL device. 



Dotroduetion 

Ligament iiguries in the knee joint are among the most common sporting 
injuries." Ruptures of tiie anterior orudate Ugament (ACL), the primary and most 
important stabiliser of Ae knee.' are the most common serious ligament injuries. In 
10 tiw 1960s the first ACL reconstructions with synthetic matoials wwe perftjrmed.* 
The introduction of ligament prtHi^ieses generated nmch intexest becnise it offered 
the bttiefit of quick recovoy and rapid rehabilitation.* While early results were 
pronusing. tiw Iwg'term results were disappointing. A nuniber of problems were 
reported, inchiding krevoBible dongation. laprnt and formation of wear debris. 
1 5 Materials used for ^bese prosthetic devices or reinforcement ligammt bands were 
e.g. poly(tetrafl»oroethylene), poly(ethylenB terephtalatc),*'*** polypropylene, 
polyethylene, carbon fibres^** and polydioxanone.*^ The common properties of these 
matmals are a loo lugh elastic moduhis emqpared to native ACL and permanem 
deformation after repeated loading due to non-elastic behaviow. 
20 Materials with dastic behaviour and modulus above rubber level can be found 
among the nniltiblod!: copolymers. F(^(urediane urea)s ffUUR) are multiblodc 
copolymers, which combine excdlem mechanical properties wifli docum«ited blood 
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con^etibility.**'" These properties have fevoured Ae use and developineni of MJUR. 
as biomaterial5» particularty as products for blood appUcadons. 

FUURs are made of soft segments based on polye^ or polyest^ and hard 
segments based on the reaction of diisocyanate and diamine chain extender. Due to 
5 the thennodynamic incompadbiltty between the two segments, PXJURs undorgo 
micro-phase separation resulting in the phase-separated het^ ogeneous stmcture that 
can be considered as hard segment domains diq^ersed in a soft s^ment matrix. The 
various physical properties of the material such as strength, moduhis, and elasticity 
are dosdy correlated with tiie domain structure and the interaction between the 
10 segments inside ^ domain. By adjustipg the chemical nature and reflective 
amounts of reagents, it is possible to obtain a wide range of materials with difSerent 
propeities. Thus, materials may be tailored fi)r various applications. 

la deigning a degradable device fi>r anterior crudate ligamoit (ACL) 
reconstiuction, whether a true prosthesis or an augmentation device, many biological 
16 and mechanical criteria must be met High initial strength is needed to prevent 
mechanical ftulure of the implant prior to tissue ingrowA/^ In addition, a moderate 
degradation rate is reqiured to induce ingrowth of orgamzed tissue.^ If degradation 
is too rapid, the host tissue may be exposed to stresses that are too greats resulting m 
fhilura On the odier hand, if the d^radation is too slow, stress shielding may 
20 occur.*^ Thus, a new material for ACL reconstruction should be 1) Compatible widi 
; : • surrounding tissues and allow cell ingrowdi 2) Intended to be mechanically similar to 

'[ native ACL 3) Degradable, but keeping at least 50% of its strength and stif&iess fi>r 

. at least 9-12 monAs. A possible way to fiilfil these requirements is to use a textile 

composition made of degradable PUUR fibres. Thus* the aim was to make PUUR 
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fibres suitable fbr deagning a degradabic ACL device. Previously made PXJUR 
fibies of the Spamtet type, c.g. Lycra, are unsatisfectoiy fix use as Ugamcirts. In 
paiticular, thwr elastic modulus i« too low and they are not d^adable. 
la tMs paper the symhesis. wet spinning, mechanical properties and degradation of 
S a number of PUUR fibres are presented. The effects of soft segment chemical 
eomposiiion and content and the kind of diamine chain extender on the material 
propoties are investigated. 
Experimental section 

Materials. Fdycapiolactone diob (PCL) (52.- 530 gftnol) and (Si.= 1250. 

10 2000 g/mol) were obtained ftom Solvay and Aldrich. respectively. Adipic acid, 
dKethylene glycol), di-n- butylamine, ethylene diamine (EDA), l>diaminopropane 
(1,2-.DAF), 1,3-dianunoptopane (1,3-DAPX 1.4- diaminobutane (1,4-DAB), 1.5- 
diaminopeatane (1,5-DAPe), 1,6-diaminoheiiane (1,6^AH) and Uthium chloride 
(LiCl) were pundosed fiom Bufca. 4, 4'-d9henykaethane diisocyanate (MDI) was 

15 provided by Bayer AB. N, N-dimeihylfbrmamide O^MF) 99.8% and tdhiene 99.8% 

were obtained fiom Labscan. 
Forester syndesis. Hydroxytelechelic polyesters were synthesized from adipic 



acid and di(etfaylene glycol) with add catalyst until the acid number was < 2 as 
determined by titration of aliquots wth 0.1 molar KOH in ethanoL The removal of 
20 water to drive the reaction at a reasonable rate was achieved by azeotropic distillation 
with tohiene. Three products with hydroxy nunibers of 56 (M„==aOOO g^mol), 112 
(M,=1000 g/moO and 223 (M„=500 gtool). respectively, as determined according 
to ASTM D 4274-94, were used in the present study. 
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Polymerization, PUURs ^ we synthesized by a two-step iBfilhod described 
eariier." In the first step a prepolymer was formed. The polyester diol was added 
slowly to 4. 4'-diphenylineihane diisocyaaate 0>4DD CNCO: O»^.05:l) in bulk at 
50*C in a dry N2 atmosphere. The isocyanate content was determined by reacting the 
5 pr^lymer whh an excess of di-n^butylamine in tohiene. After the reaction was 
complete, the excess di-n-butylanune was determined by back titration with standard 
hydrochloric acid. 

to the seccmd st^ a dilute solution of dianune drain ejttwider and monoandne 
rimm stopper in DMF was added ra^dly to a sdudon of pr^ymer in DMF (20 
10 wt-%) under intense stirring at 20'C. The molar ratio NCOOTi was 1:1 with 2% 
monoamine. The final polymer content was 18 wL-% . The chemical con^ositions of 
the vBiioosFUUR can beseem in Table 1. 

Fibre sphinfaig. Fibres were prepared by a wet ^imung process*' (equipment 
fiom Bradford University Research Limited, Bradford, England). The polymer 
15 s<^on was metered through a spmneret (120 holes. 0 «0 ysm) submersed in a 
eoagulatmg bath containing water. In a second water bath die fibre bundle was drawn 
after which the multifilament fibre was taben on a spool. The tenqierature in the 
water baths was varied from 20 to 80»C to get as high draw ratio as possible. The 
spools with fibres were rinsed in running taqp water ovemii^ and dried at room 
20 temperature. For each batch of fibres linear density, ten^e strenigth. stiffiiess and 
elongation at break were determined. 

Band production. The wet spun muhifilament fibres were by doubling and sli^ 
tvi^ting c<mveited to a coarse yam. which was used as waip threads. The bands were 
woven on a narrow fiibric needle loom (type FX2/65. Mageba Teirtilmaschinon 
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Vertriebs <»ffiH. Germany) with low weft tenaon in plain weave to utilise as much 
as possible of ihe yam str engtb combined with good stabiliQr. 

Density measurements. The density of the fibres was measured with a 
MIcrometricsMuItivoIumePycnometw 1305. 
6 PotwHy measurements. Pore sizes and pore sire distributions of the woven bands 
wece measured by mercury porosimetry, Micromeretics AutbPore HI 9410. 

Polymer degradation. Samples of fibres and bands were placed in vials in a great 
surplus of 0.06 M phosphate bufifer solution pH 7.4 (Na2HP04 and KHaP04.'* The 
sealed vials were placed m thermostat ovens at src and 77"C. At intervals the vials 
10 were opened and aHc[uats of mateiial were tafcen out Changes in molar mass and loss 

of ten»le strengtti were investigsted. 

Size Exdusioit Chromatography (SEC). Size Exchiaon Chromatogr^lqr (SEC) 
was conducted ^A&i a Waters 2690 Separationa Module equipped with a Waters 996 
Photodiode Array Detector and a Waters 2410 Refractive Index Detector. Two 
15 sq»ragel columns, Hr6E and HT3, were opMated in series at a flow rate of 1 ml/min 

m DMF Gontauung 0.5%(w/v) LiCl to prevent aggregation. The retodtion times were 
converted to apparent molar masses using poly(etiiylene oxide) standards. 

Linear density measuronaits. The linear density of the fflres was determined by 
wei^img of a known length of fibre; typical 100 m, and is presented in tet 

20 unit is defined as g/ 1000 m. 

Mechanical testing. After equiUbration witii water at 20»C for 30 minutes, the 
multifilament fibres and the woven bands were tested in the wet state in a tensile 
tester QUI 350/5 LS Unhrosal Testing machine SDL lotemational Ltd. Stockport). 
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Hie constant rate of artension was 900 mni/nunutc and the sample ieagiiS were 100 
mm for fibres and 30 mm finr the woven tnnds. 

Biffercotial Scanning Calorimetry (DSC). Thermal analysis was earned out on a 
Perkm-Elmer Pyrisl. The heating rate was 10*C Mn over a temperature range of - 
6 100 to ISO-C. The sample was cooled to -100°C and then a second run was 
performed. CHass tianntion temperatures were determined ftom the second scan. 
Results and Discussion 

Pofymerizaiiott. In a first sUitfy, PUURs were sjmthesized u«ng poly(di(ethylene 
glycoD adipate) (PDEA) or polycaprolactone diol (PCL). with dififeient molar masses 

10 as soft segments. MDI and EDA as chain extender (Table 1). The length of the soft 
segment was alteied by dunging the molar mass of the polyesierdiol while the 
length of the hard block was unchanged. However, there was a distribution of hard 
block leng&s as a consequence of the stoichiometric ratio in Ae prqiolymerization 
step." As the soft segmem was shortened from 2000 gftnol to 500 g/mol the hard 

15 block content increased from 23% by weight to 55%. An immediate efifect was that 

the sohibility in DMF decreased with increasing hard block ccmteot; resulting in 

turbidity and gelation a few minutes afto* diain extension. 
Another series of PUURs was prepared using PCL»0 as soft s^ment, MDI mUI 

ax diffeient altphadc i ^i?wiinag as ctiain extenders CTaible 1). 
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Table 1. Composition aind solobilily of FUURa- 



Sample code 


Chain 
QCtender 


Soft seffDi 
M. 


eat Hard blodc DMF soludon 
content (%) (18%. 22*0) 




£DEA2000.2 


EDA 


2000 


23.0 


OpaqueT 


86 


PDEAlOOO-2 


EDA 


1000 


37.7 


Opaque 


86 


PDEAS00.2 


EDA 


SCO 


55.9 


Opaque 

• * 


115 


PCL2000-2 


EDA 


2000 


23.0 




105 


PCL1250-2 


EDA 


1250 


33.0 


Opaque 


121 


PCL53a.2 


EDA 


S30 


51.4 


Opaque 


125 


PCL530-2Me 


1.2-DAP 


S30 


52.0 


Cleai* 


106 


PCL530-3 


1,3-DAP 


S30 


52.0 


Clear 


125 


PCXS30-4 


1,4-DAB 


530 


53.0 


Opaque 


123 


PCL530-S 


l.S-DAPe 


530 


53.6 


Opaque 


106 


PCL530-6 


1,6-DAH 


530 


54.2 


Opaque 


106 



a) Opaque: hazy, pooxly solubilized in the above condition. 

b) Clear transparent, absolutdy sohibilized in the above condition. 

c) Poly(ediylene oxide) equivalent Mp^k- 

6 The different chain extender stniciures affected the solubaity of the polymca- in 

DMF, These PUURs have ahnosc the same hard/soft ratio and showed solubility in 
the order 1,2-DAP>1,3-DAP>U5-DAP^1.6-DAH>1,4-DAB>EDA. In the reactions 
all diamines but 1»2- and 1,3-DAP gave rise to tinbid sohitions S-20 mmutes after 
chain extension. After still some time brittle gels were fonned. 1,3-DAP fonned dear 
10 polymer solutions, but they were tuibid and gelled after a few days. PCLS30-2Me 
solutions remained clear for at least one year. Tliis is the most apparent difference 
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between 1,2-DAP and the other five chain extenders and is explained m tenns of less 
efficient hydrogen bonding due to steiic effects fiom the pendant methyl group. 
Sinular behaviow has been seen for FUUR systems chain extended xwth aromatic 
diamines with substituents that increased the st«ic ^Beets." 
5 The lower sohibilities of the other PUURs probably depend on the influence of the 
urea structure on the association behaviour. PUUR solutions -with even number of 
methylene groups in the cham extender got tuibid very soon wMle odd numbered 
remained clear for longer times. Similar results were found by Joel et al," who 
studied sieric odd-even effects of various uiea structures of PUUR. on solution 
10 properties in DMF. They found that the viscosity of solmions with odd number of 
methylene groups was independent of time, while the even numbered ones showed 
turbidity and a drastic increase in viscosity with time fottowed by gdation. The 
turbidity was explained by formation of a higher concentration of physical crosslinks 
caused by hydrogen bonding within the hard block domains."* The sohrtion process 
16 becomes leatiicted if the hard segment domains are perfectly arranged and form a 

physicaUy crosslinked network. Thus, the good sdtubiltty of PCL530-3 may be 
exphuned by a lower degree of hydrogen bonding compared to die other chain 
cxtenderSi 

A requirement for spinnability is that the polymer is soluble. The solvent, DMF, 
20 diould prevent geladon due to bard segment mteracdon before spuming, but the 
solubiUty of PUUR in DMF is poor. By adding Lid (0.07 g LiCl /g polymer 
solution) to the polymer sohitions tuibidity could be removed and gelation could be 
prevented." The hicreased solubUity is based on the destruction of the hydrogen 
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bonds between chains and on a dmultaneous blocking of the acceptor positions 
ovdng to the &voured complex fonnation between Li and carbonyl oxygen. 

Fibre spiniiing. The fibres are formed in a wet spinning process. In first step 
precipitation occurs and the solvit diffiises oiit of die extnidate into the bath, and 
5 non-solvent difiiises from the bath into the exHudate. The rate of fhe coagulation has 
a pn)fi>und cfiect on the yam propeities. Impoitant process variables are fi)r example 
concentration and temperatore of the spinning sohation, conqiosition and temperature 
of the coagulation bath. 
The teBq>eratiire of the spinnuig solutions was kept widnn 20-2S''C and fhe 
10 polymer concentration was 18 wt.-%. No correlation between polymer content and 

tpfiellft prffcfwtiAg rtfstM CAftn RrtWWffr^ ft Cpintimg qolutiOTI Vtftfy>qty nf mnrft tVian 

1 Pas was needed to be able to get a stable spuming proems. 

The t emp er a ture of the coagulation bath was fbund to be of great in^ortanee. The 
rate of PUUR coagulation occurxing when the polymer solution was extruded into 
-45 — th e water d e p e nds on th e coagulation temperature an d influence s both the 



morphology of the undrawn fibre and the ulOmate fibre properties? The siiitable^q[>m 
bath temperature for PDEA based PUURs was about 20*C (Table 2). At higher 
tenq)eratures the polymer got mck in the spinneret Iti contrast the PCL based 
PUURs seemed to be easier to spm the higher the tenq>erature (Table 2). This 
20 ^fibrence between the two polyesters can be due to fiirir difference in Iq^phflidty 

In the second wattf bath die fibre bundle is drawn to get molecular diain 
orientation and thereby improve the mechanical propnties. The higher tiie draw 
ratio, the lower the elongation and the stiffer and stronger the fibre. 
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The effect of draw ratio on tensile properties for PCL530-3 is seen ia Rgute 1. 



y. 0 




20 30 40 90 

ElonoaOon (%) 



Figure 1. Teiisile test cfiagraxns &r PUUR fibre of PCLS30-3 diowing changes 
produced by incry^g^^g oriestatioii and improving stnicture. Draw lado 3,5, — 3.8 
and—" 5.4. 
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Table 2. Spin parameters fbr different PUURs 



Sanqdeoode 


spin sojv^it 




DiawranojoK)^ 
Draw radonnBTopiiiBd 


Diawistio 


PDEA2000.2 


DMF^LiCl 


20 


- 


5 


PDEAl 000-2 


DMF+Ua 


20 


- 


5 


PDEASOO-2 


DMF+LiCl 


20 


- 


4.5 


PCL2000-2 


DMF-HUCl 


60 


0.S8 


6 


PCL1250-2 


DMF4i4Cl 


€0 


0.57 


6 


PCL530-2 


DMF+LiCl 


60 


0.72 


5 


PCLS30-2MiB 


DMF 


60 


0.67 


9 


PCL530.3 


DMF 


60 


0.72 


5.4 


PCL530-3 


DMF+UCl 


80 


0.44 


S.4 


PCLS3(M 




80 


0.70 


5.4 


PCaLS30-5 


DMF-HLia 


80 


0.46 


6.4 


PCL530-6 


DMF-HLICI 


80 


0.54 


7.4 



Tbe draw ratio of the fibres is dependent on the temperBture not only in 'die 
coagulation bath but also in the stretching batk B was found that the best 
proc^sability and draw ratio were adiieved when the baths had the same 
temperature. The spinning conditions are shown in Table 2. Three different groups 
are identified. The first group contains PDEA based FUURs, described earlier, which 
have best processability and draw ratio at The second group contains PCL 

based PUURs chain extended with EDA spun fiom DMF+LiCl, and PCLS30-2 Me 
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and PCL 530-3 spun from D>ff. Tliese ohtem their Mghcst draw rafio at 60^ and 
their diawabilitjf is dfirecfly profwrtteMil to t^^^ fKifa gK«^ flie 

highest draw ratio is achieved at WC maybe it is possible to increase their draw 
ratio fiirther if the temperature is raised forthw. ThU group comains PCL- based 
5 PUUR with chain extcndra^s -with more than two meth ylene groups and are spun from 
DMF+LiCl. Even thou^ ihe highest draw ratio was achieved at the same 
teai^erature vnthin each group, the ten5)OTture depoidence of draw ratio of the 
fibres dififered (Table 2 andFigure 2 a, b). 
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Figure 2. Draw ratioicrc/Draw ratiorc; a)(«) PCL530-3 and (•) PCL530-5; b) (A) 
PCX530^ and (♦) PCL530-6. 

The uKTOase in draw ratio of PCL530-5 was almost proportional to the 
temperature, viule the incrwe in draw ratio of PCX530-3 showed weak temperature 

5 dependence between 20'C and 50**C. Above that intoval the drawabiUty was directly 
tf^ fh^. ti^pc^TAtiirft ThP drawahUitv nfPn .530-4 gTitj PCtS30-6 was 
constant at teo^eratures below 60*0 and 70**C respectively. At these tro^ieraiures 
strong temperature dependence in dramdnlity appeared Additional investigations are 
needed to explain these difBsrences. 

10 Band production. The appropriate force at break of the finished and sterilised 
band should be 1200 K Based on practical experiences the theoretical breaking feice 
therefore was chosen to 1600 N in order to calculate the resulting cross section of the 
band as well as the numb«: of fibres needed. Puithefmore the diameter of the band 
was not allowed to exceed S±l mm. In the finished band three drcular yams are 

16 placed in a triangular fonn. Assummg hexagonal close packing of the fibres in the 
yam,^ the yam radius can be calculated. From the calculations it is given that the 
tenadty of the fibres should be at least 0^ N/tex to meet th^ criteria of strength and 
size. 

Porosity measurements, hi medical apphcations the pore sizes and their 
20 distributions are of great importance for promoting cell mgrowtfa. The multifilament 
fibres made from "wet simming have a high void content. Ftirthermor^ when fibres 
arc processed into wov«i structures, varying degrees of porosity can be provided. 
The pore sizes and pore size distribution of two woven bands made of 1500 
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miiitifilament PCL530-3 fibres are iKcseotsd in Table 3. Tl» nnallest pores, <8 mis, 
is probably between fhe filameitts m liie multifilainent fibre «^e pores between 8 
Mm and 600 is the space between ibe fibres in Hob -waip and weft (iFigiire 3). Almost 
half of pores (49%) are 21-100 Mm, azes that may be suitable for fibrous connective 
tissue ingrowth.'" About 20% of the pores are 100^ Mn», pore sizes, which have 
been shown to be suhable fbr osteoblast ii^rowdi in hard tissue applications.^^ 
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Table 3. Pore sizes and pore size distributions of PXJUR bands. 



IntetvalOiiB) 


Pores 
(%) 


401-600 


6.8 


201-400 


15.6 


101-200 


8.0 


51-100 


20.7 


21-50 


28.3 


8-20 


10.7 


1.0-7.9 


4.5 


<1 


5.4 




F^re 3. SEM micrographs of the surface of a) wet spun and woven PUUR fibre 
5 bar=^0 pun; b) wet ^tm PUUR fibre bar==5 pm. 

Mechanical testing. The tensile properties of the fibres are shown in Table 4. In 
the first scries *e length and composition of the esterdiol was varied and the hard 
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block was formed fiom MDI and EDA The effects upon shortening the soft s^ment 

were sera in increased stifEness and decreased elongation of the fibres. The largest 

effect is seen when comparing polymers made from soft segments of molar masses 

of -^1000 g/mol and ^500 g^moL As a consequence of the shortening of the soft 

5 segment the hard/ soft ratio increases. The hard blocks, which are ratensively 

hydrogm bonded, mainly affect the stifBiess and serve as both cross-links and filler 

paitides in the soft segment matrix. It is known that the strength and moduhis of 

polyurethane copolymers arc directly related to the amount and stability of the hard 

segment domains.^^ Wang and Coopet^^ smdied die effect of the hard block contrat 

10 and block length on tfie morphdogy and properties of FUURs systemadcally. They 

found that the mechanical properties depended primarily on the hard block contmt 

and the strong hard-domain cohesion due to interurea hydrogen bonding that raited 

in semidystalline behaviour. 

The effects on the mechanical properties of the PCL 530 based FUUR fibres dudn 

1 5 extraded with six: different aliphatic diamines were investigsled (Jeble 4). The hard 

segment content is almost constant, but their structures differ. The stroi^est fibres 

were obtained fiom PCLS30-2Me and PCLS30-3, which are siqiposed to be less 

efficiently hydrogen bonded in sohxtion compared to the other PUURs. PCLS30-2Me 

r \ . and PCL530-3 formed clear solutions and could be spun mthout addition of LiCI. As 

. - ^ 20 LiCl was added to a PCLS30-3 sohxtion the tenacity of the fibre produced thereof 

decreased more than 40%. Nevertheless, the tenacity of PCLS30-3 fibre fitun 

'X* DMF+LiCl was still among the highest. Upon a conq>anson of fibres spun from 
* 

!./ DMF-LICI solutions paLS30-3 and PCLS30-S are the strongest. Thus, dudn 

r^l extenders with an odd munba- of methylene groups tend to farm stronger fibres than 
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thQ$« ^th evoi numbers. From the design of the AQJ reconstruction band it was 
given tibat the fibre should have a tenadty of at least 02 N/tex. Only two of the tested 
fibres, made from PCX^30-3 and PCLS30-2M^ met this requkement. 
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Table 4. Mechanical properties of different PUUR fibres. 



@02S 



Sample code 


Spin 
solvent 




Stiffiiess X 10* (N^im) 


UwUgBUwU 

at break (%) 


PDEA2000-2 


DMF 


0.06 ±0.004 


6±0.5 


130±13 


FDEAlOOO-2 


DMF 


0.06 ±0.004 


6±0.4 


120± 10 


PDEA500.2 


DMF+LiCl 


0.08 ±0.005 


17±1 


SO±S 


PCL2000-2 


DMF+LiCl 


0.13 ±0.007 


6±0.3 


77±12 


FCL12S0>2 


DMF+Iia 


0.11 ±0.005 


6±0.4 


74±14 


FCLS30-2 


DMF+LiCl 


0. 10 ±0.01 


45x2 


ft 


PCLS30-2MS 


DMF 


0.25 ±0.015 


50±3 


2d±4 


PCLS30-3 


DMF 


0.2S±0.01 


62±4 


4Q±3 


PCL530-3 


DMF+Lia 


0.16 ±0.008 


50±3 


34±Z 


PCL530-4 


DMF4liCl 


0.10 ±0.01 


60±3 


25±3 


PCL530-5 


DMF-fLia 


0.16 ±0.015 


S6±3 


28±10 


PCL530- 6 


DMF+LiCI 


0.11 ±0.01 


70±3 


16±S 



^ Density of fibres^l ,23 g/ctn* 

Bands. Typical tensile test diagram of a band of PCL S30-3 fibres is given in 
Figure 4. The shape of load-elongation curve of the band is similar to that of the 
5 fibre, but the elongation is higher This is expected as the fibres are slightly tmsted 
to get a coarse before weaving. 




Bongofion (%) 

Figure 4. Typical tensile test diagrams for a FUUR band of PCLS30-3 fibres. 
Mirerentisl Scanning Calorimetry. The glass transition tCTipeEatures of the soft 
blocks fbr die difT^ent PUURs are presented in Table 5. As the molar mass o£ the 
5 soft s^ments decreased the Tg increased fiom -30.7 to -S.S'^C and fi^om -48.3 to - 
U.3^C for PDEA and PC3L respectively. The Tg 'was harder to detect the diorter llie 
soft segment. The efiGect of soft segment lengA on its Tg is related to the limitation of 
the soft segment mobility imposed by the attached hard segment. Beside the molar 
mass of the soft segment, the diain extender affected the Tg so some extent. PCLS30- 

10 2Me and PCLS30-3 showed the highest Tg. For dudn extenders wUh three or more 
methylene groups there was a movement towards higher Tg the longer the diamine. 
All PTJUR fibres but PCL530*2Me and PCXS30-3 were spun from D^dF+LiCl. 
PCLS30-3 spun fi^om DMF+LiCl showed no change in Tg conqpared to PCXS30-3 
spun from DMF. The phase mixing of soft and hard s^ments makes thermal 

15 molecular motion in soft segment phase restrict^. Therefore, the shifts of Tg to 
higher tempoatures are attributed to the interaction between hard and soft segments. 
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TaUe 5.DSC data r- r-^n 



Sample code 


Soft segment 


PDEA2000-2 


-30.7 


PDEAlOOO-2 


-25.7 


PDEA500-2 


-5.5 


PCL2000-2 


-48.2 


PCL12Sa-2 


-39.1 


PCL530-2 


-11.3 


PCX530-2Me 


-9.2 


PCL530-3 


-8.4 


PCLS30-3 (UCi) 


-8J 


PC3L530-4 


-10.2 


PCL530-S 


-11.2 


PCLS30-6 


-13.7 



Degradation studies. Among the various bonds present in PUUR, the most 
suscqytible ones are the ester bonds of the soft segments wUch upon hydrolysis yield 

5 caiboxylate and hydroxyl groups. The add produced can ntalyse the ester 
hydrolysis so that an autocatalytic reaction becomes prevalent. FurthOTnore, the 
intended use for the material is in the knee that has a neutral pH.^ For that r^on all 
degradation studies were carried out in a great surplus of buiSBred solutions at pH 
7.4. Both changes in molar mass and tensile strength of optimal drawn fibres and 

1 0 bands thereof were studied. The data for fibres and bands obey the same dependence 
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on change in molar mass and tensile strengttt Tbus, die diEBswce in fibre packing 
and sample thickness do not seem to have any effect on degradodon rate. 
The loss in tensile strength vnnk hydrolysis time at JVC is shown in Figme S. 



Figure 5. Tensile strength retention as a function of hydrolysis time of different 
PUURs at 7r»C (■) PCL530-2 and PCL530-3, (•) PCL1250-2. (A) PCL2000-2, 
(□) PDEA500-2. (O) PDEAIOOO.2, (A) PDEA2000-2. 

For both PDEA* and PCL-based FUUK the polymer i»dth longer soft segments 
10 degraded faster. Thus, PDEA2000 and PCL2000 display lower hydrolyticaUy 
staUliQr than PCLS30 and PDHA500, respectively. The reason is a higher fraction of 
soft s^iments and> consequently, of ester groups oqposed to hydrolysis. 

The ch^cal composition of the ester affiscts the degradation rate of the <Bfiteent 
PUURs. PUURs with soft segments made of FDEA degrade faster than those based 
IS on PCL. The superior resistance to hydrolysis is ascribed to the hydrophobicity of 
PCL. It has been shown that the intioducdon of hydrophilic poly(oxyethylene) 
blocks in PCL-PQE-PCL triblock copolymers did increase the hydxophilici^ and 
degradation rate compazed with the homopolyester PCL^", PDEA 500 contains about 
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three diethylene glycols ^ereas tiie PCL diols initiated whh diethylene glycol 
contain one. 

The initial molar mass of the different PUURs varied to a small extent (Table 1). 
The rate of the deoease in tensile strength tos not afifected, butthetime to complete 

5 degradation became somewhat shorter the lower the initial molar mass. The molar 
mass decreases after an induction period of about 10 days for PCLS30-2 and'-S and 
abrot 3 days fbr PCL1250-2 (Figure 6). No induction period was seen for the other 
samples. During the induction pmod a decrease in SEC retention time was seecu The 
phenomenon has been occasionally reported by some researchers using both m vitro 

10 and in vivo sy^ems,^^ but no unanimous conclusions on die reasons fyr the 
increase were drawn. We have int&preted tibe decrease in retention time, as 
a^gn^tion of the polymer due to a physical process since no unreacted isocyanate 
groups is present in the polymers. Furthermore, in spite of the increase in molecular 
size the tensile strength demased already after 2 days in phosphate buffer (Figure 5). 
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Figure 6. Molar mass as a fiinction of hydrolysis time of different PCL based 
PtJURs at 77«C (■) PCLSSO-S, (•) PCL1250-2, (A) PCL2000-2. 
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One of the requirements of the matenal was ^t at least 50 % of the tensile 
strength should be kept for at least 9-12 months. For use at body tenqyerature it is 
interesting to estimate and investigate &e confomuQ^ between the degradation rate at 
37^Cand77*C. 

Since fibres of PCLS30-3 seem to have the most jvondsing properties from maiq^ 
aspects fiirther degradation stu<fies at 37^C were made Aese fibres. The change in 
molar mass at 3TC follows the same pattern as at TT^'C. After about 40 days a 
decrease in SEC ret^on time for the polymer is seen, which is similar to the results 
after 2-3 days at 77''C. Afba that &e retoition time is constant for a long period of 
time. This means that the size of the formed aggregates is to some extent independent 
of the molar mass of the molecules diat tate part hi the aggregate formation. It is 
obioous that the degradatioa proceeds nnce after 500 days the SEC retention time 
has increased accompanied by a the loss in tensile strength of 5«10%. Thus, the 
degradation rate at 37^C seems to be about 1/20 lower than of the degradation rate at 
7T*C. 

In addition to loss of tensile strength and molar mass, the mass change of the 
PCL530-3 fibres has been studied. First the mass of the fibres increased about 8-10% 
due to water adsorption. After 52 days at 77'C there were signs of mass loss and 
after another ten days the mass loss is obvious (-30%). At that time the fibres were 
very brittle at and fiizther measurements were hard to perfomt In accordance with 
the low degradation rate at 37^C it is not e?q>ected to see any decrease m the mass 
before 800-850 days of degradation. 
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Regarding the biocon^atibility of the PCLS30-3 both safety studies, mutagemdty 
and delayed contact hypersensitivity, and implantadon studies have been petfoimed 
and leported^^ When FUUR bands made of PCL530-3 fibres were used as ACL 
prosthesis in rabbits and minipigs, bone formation was seen in the drilled nmnels and 
5 suxTOunding the PUUR fibres. Also, irrespective of observation time, connective 
tissue in growth was observed between and in close contact with die PXJUR fibres in 
both spedes. At observation times mceeding 6 months^ 4ie connective tissue had an 
orientation of the collagen fibres and fibroblasts in parallel with the PUUR fibers.^^ 
From clinical trials using the PUUR band as an ACL augmentation, biopsies were 
10 obtained from 5 patients at times between 30 to 40 months. As in the animals a high 
percentage of connective tissue ingrowdi was found in close contact with the 
material and the pr«»ce of collagen type I and blood vessels was confirmed using 
immunohistochemical methods. No indications of obvious inflammatory reaction or 
foreign body response w^ detected. 
15 Conclusions. We have demonstrated that the chemical composition of FUUR can 
be tailored to get fibres with strengfii, stiffiiess and degradation rate, vAskk fiilfU the 
desbred propeities of a material for ACL reconstfudioa 

Fibres made of PtJUR based on PCL S30 have superior strength and stiffoess 
compared to oth^ polyesterdiols used in the study and ke^ at least 50 per cent of its 
20 original tensile strength more than nme months at body tMoperature. Ftmhermore, 
chain extension of PCLS30:MDI with 1,3-DAP produces a polymer solution fiom 
which strong fibres can be spun without additives. A porous band with appropriate 
strength and size can be woven of the fibres. 
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In ooncluaon. from a diemical and mechanical point of view fibres of PCLS30-3, 
ARTELON™, are suitable fbr designing a degradable ACL device. Human clinical 
trials ^mth ACL reconstnicdon usix^ the PUUR. band are in progress. 
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PATENTKRAV 
1. Unjar blodqsolymer vilken beskrivs entigt fbrmein: 



10 varvid 

R1 ar harledd fr&n en diamin, tex. etylendiamin, 1,2-diaminopropan eiler 
1.3-<liaminopropan; 

R2 dr hfirledd firdn 4.4'diferiylTn6tandn80cyanat, 4, 
15 4'(^lohexyimetandiisocyanat, hexamelylendrisocyanat, ety{-2,6- 
diisoc^nathaxanoat. isofomdiisf^arat, eller 1 ,4 diisocyanatobi.Mn : 
R3 ar harledd frSn en asterdiol; 
R4 ar hSrledd frSn dibutylamin eller etanolamin; 



20 dar0<y<4och z>8, 
kannetecknad av 

att de monomerer som R1 odi R2 Sr harledda frdn tillsatts i sddana mangder 
25 att moifdrhailandet meltan R1 odi R2 ar s^rre an 2:1 . 

2. Linjar blockpolymer enligt krav 1. varvid R1 ar hSrledd frSn 
etylendiamin, 1 ,3- diaminopropan, 1,2- diaminopropan, 1,4- 

diaminobutan, 1,5-diaminopentan, elI^1,6-<Raminohexan. 



30 



02 08/20 10:22 FAX 031711885S ALBIHNJ* GBG ■» FV ^041 

0317119555 

39 .. *• " 

3. Linjar blockpolymer enIHgt krav 1 eller 2. varvid R3 ar harledd frSn 
polykaprOlakiondioi. poiydietylenglykDiadipat. eiter 

poly(pentandiolpimelat). 

5 4. Fiber framstdlld av en Ilr^ar blockpolymer eniigt nSgot av ovanstSende 
krav. 

5. Fiber enFigt krav 4. vllken uppvlsar en seghet p& Stminstone 0.1 N/lex. 
10 6. Fiber eniigt krav 6, vllken uppvlsar en seghet flveretigande 0.2 N/tex. 

7. Fiber firamstaild av en llniar blodcpoiymer eniigt nSgot av ovanstdende 
kiav. vllken uppvisar en brott6|nIng som understlger 100 %. 

15 8. FHmframstaildav en Uni'ar polymer eniigt ndgotavkraven 1-3. 

9. PorOst polymermaterial framstaiM av en lirijar polymer eniigt nSgot av 
kraven 1-3. 



20 10. Implantat f6r implantation i manniskor eller djur vilket Implantat innefattar 
en linjar blockpolymer eniigt ndgot av ovans^ende krav. 
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SAMMANDRAG 
Unjdr blockpolymer vaken beskrivsenllgtformein: 

5 



10 varvid 

R1 Sr hSrledd frSn en diamln. tex. etylendlamin, 1,2-dlaminopropan eller 
1,3-diaminopropan: 

R2 ar hSrIedd fi*i 4,4'dlfenylmetandiisocyanat. 4, 
4-cyklohexylmelanditeocyanat, hexametylendiisocyanal, etyl-2,e- 
1S dlisocyanathexanoat, I80fomd«8ocyanal,eller1,4dilsoqfanalobuten; 
R3 flr harfedd frdn en esterdiol; 
R4 ar hSriedd frdn dibutylamin eller etanolamin; 

dSrO<y<4oeti z>8, 

.20 

vanrid de monomerer som R1 och R2 Sr hartedda fr^n tillsitts I s&dana 
mSngder att molf6rh4llandet mellan R1 och R2 ir stSrre an 2:1 . 
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